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Annomauua: Odunot uz Haubolee akmyalbHbIx 3a0a4, CmoAWwUx neped HayKoOU 6 Cqbepe OpeaHuzayuu 
NPOUZBOOCMEA, ABIACMCA HAXOHCOEHUE HAYYHO OOOCHOGAHHbIX pewenull nDOOIeMbI COBepULeHCM6O6aHUA 
u adqexmuenozo qynKyuoHupoeanud npouzeodOcM6eHHvIX Npoyeccoe npednpuamul pa3zUYHblx 
ompacieu Ha base pazspabomKU U UCNOAb306aHUA NPDAKMUYECKUX MeMOO0E NAAHUPOBAHUA U WUpOKOZO 
npumenenua yudposoix mexnonoeui. 


Kiroxeevie cnoea: == npouz60dcméo, + =mexHonoeuueckull npoyecc, onmumuszayua, mMexaHuuecKaa 
oopabom«ka, wauqoeanue. 


Bpegenne. Pemtenue 3afa4 ONTHMM3allMH pexHMOB OOpaooTKH U yiIpouleHua WporpaMMupoBaHHa Ha 
cTaHKe TpeOyeT KOMIIJICKCHOrO pacCMOTpeHHA BCero TEXHOJIOFM4eCKOrO Mpolecca, T.e. CosqaHuA MOeuH 
oOpadoTKH Mporecca. Pa3paboTka Takoi MOJeuIM B OOMIeM Bue MoKa HepeasibHa, OHAKO MCIOJb30BaHHe 
pila yupolleHuii, OCHOBAaHHBIX Ha aHajIv3e OCOOeHHOCTei OOopyoOBaHHA UH OOpadaTEIBaeMBIX JeTaei, 
OKa3bIBarFOIMX HavOosIbluee BIMAHHE Ha BbIXOJHbIe XapaKTePHCTHKU Mpolecca, MO3BONAeT paspadoTaTb 
YIIPOWeCHHY!0 MOsesIb, OOeCHe4YHBAIOLILy10 MOyAeHHe BbICOKHX TEXHHKO-9KOHOMHYCCKHX ToKa3aTesen. 


OcHoBHan 4acTb. PaccMOTpHM MeTOJHKy TOCTpoeHHaA TakOM MOeIM WA UWpowecca oOpadoTKu 
Bpe3HBbIM WWIM(OBaHHeM Ha KpyrOWWIN@oBaIbHOM cTaHkKe c UITY yetanei Tuma cryMmeH4aTbIX BaJIOB C 
TpeOoBaHHAMH K TOUHOCTH pa3Mepa B IIpeyemax 1-3 KaccoB HU TapaMetpa WepoxoBatocTn R,B ipesesax 
0,16-0,25 Mk. 


B oOmjemM cily4ae MaTeMaTH4ecKad MOJelIb Ipolecca OOpaooTKH MpescTaBAeTCA B BUC 3aBHCHMOCTH 
TCXHHKO-9KOHOMHYCCKOTO TMOKa3zaTeA 9P@eKTHBHOCTH TMporecca oOpaooTKH uu orpaHHyeHHii (10 
KadecTBYy H3eJIMA, BO3MOXKHOCTAM CTaHKa HW MHCTPyMeHTAa) OT BCex ONpeeAIOWIMXx PakTopos. C y4eToM 
YIOMAHYTHIX OCOOeHHOCTei OOpaboTKH Ha cTaHKax c UITY mpeyyaraetca B kKayecTBe MoKa3aTelAa 
3PPeKTHBHOCTH UCIIOIb30BaTb CYMMY 3aTpaT OCHOBHOTO BpeMeHU, BPeMeHH Ha paBKy MU XOJIOCTHIC 
TlepeMeljeHua B TOM 4aCTH, KOTOPad 3aBHCHT OT CTPYKTypbI OlepallWwuH, a B Ka¥eCTBe OCHOBHBIX 
orpaHHueHnuii- orpaHv4eHHaA, CBA3aHHbIe C TpeOOBAaHHAMH M10 Ka4yecTBy H3emMA. CileqyeT OTMeTHTL, YTO 
3 39THX OrpaHH4eHuit HanOosee CIOXKHBIMM JIA y4UeTa ABJIAIOTCA TpeOoBaHHA TO WepoxoBaTocTH, 
IOCKOJIBKY ITOT MapaMeTp WpakTH4ecKH He MOM aeTCA KOHTPOJIHO B Ipowecce oOpaooTKu UH CyLeCcTBeHHO 
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3aBHCHT OT COCTOAHHA HHCTPyYMeHTa. B cBa3H C 9THM B ONMCbIBAaeMOM HWKe MOCIM OrpaHHdeHHto HO 
MepOxoBaTOCTH YAeCMAeCTCA HanOoOlIblllee BHUMaHHe. 


JI1a KOHKpeTH3alHH MOJesIM Tpolecca WH MpOBepKH BO3MOXHOCTeH ee MpaKTH4eCKOFO UCIOIb30BAaHHA 
ObLI CO3{aH ABTOMATH3MPOBaHHbI CTaHOK-CTeH Ha Oa3e KpyrioWIMmoBasbHoro ctaHka Moy. 3A1511] c 
ynpaBsieHHeM OT MHHH-IBM Tuna Onextpouuka J[3-28, ocHaljeHHbIi IpHOOpoM aKTHBHOTO KOHTPOIA, 
IyTeBbIMH JJaTUHKAaMUM, aTYWKaMM CHJIbl, CMOHTHPOBaHHbIMH B THApOcTaTH4ecKHX MOWMMHHKAX 
UMM eA Kpyra, CCpHHHBIMH JaTuHKaMu TepeMeleHui u T.. UccneqoBaHua, IpoBeeHHble Ha CTeHIe, 
aHasIM3 BO3MOXKHOCTeH HM OOOOMIeHHe OMbITa MOKa3asIM, YTO MOCTpoeHHe TeXHOOrM4eCKOTO Mmporecca 
oOpadorkH Ha cTaHKax c UITY nesecooOpa3Ho pa3yeIMTb Ha Tpu 9Talia: 


BbIOOP CTPYyKTypbI OlepaljuH Ha OcHOBe OOOOMIeHHA MMerOMerocaA OMbITa C Y4eETOM BO3MO%KHOTO 
COKpalllecHHA 3ATpaT BPCMeCHH Ha XOJIOCTHIe MepeMelleHHA; 


olpeyeseHue pexkHMOB OOpaOoTKH UM TpaBKH, OOeCIeYMBaIOMIHX BO3MO%HOCTb MOUyYeHHA 3aaHHoro 
llapaMetpa WepoxoBaTOCTH B TeYeHHe BCerO TepHoOsa CTOMKOCTH Kpyra IpH MMHMMaJIbHOM BpeMeHH 
YepHOBOM OOpadoTKH MH MpaBKH, UH KOppeKIMA STHX Pe*KHMOB, HCXOAA U3 OrTpaHHueHHi MO MOLHOCTH 
JBUrAaTeIIA, 10 IpwKOraM, 10 AeMCTBUTeIbHOM BeIMUMHE TIpHiyckKa UH Jp.; 


BbIOOp CTPyKTypbl HW onpeseyeHve MapamMeTpoB 4HCTOBOM 4acTH UMKIa, OOecieuMBarlollNx 
MHHMMH3alHi0 BPpeMeHH 4HMCTOBOM OOpadoTKH TIpH BbIMOIHeHHH TpeOoBaHHii MO WepoxoBaTocTH, 
TOUHOCTH pa3Mepa HU (OpMBI HW CTPyKType MOBePpXHOCTHOLO CJIOA. 


Ha fepBbix Byx 9Talax HWHopMallwa, UMerollaicd WO Hayala oOpaOoTKH, HCHOub3yeTcA TIpH 
MOJTOTOBKe IporpaMMBI. Tpetuii 3Tall peasM3yeTca B Ipolecce oOpaoorKu. 


Ha 9tatie BbIOOpa CTPyKTypbI OllepallMv ycTaHaBsIMBalOTCA TakWe MapaMeTpbI, KOTOPbIe OlpeesAOTCA 
MMCIOIMMCA OMBITOM 9SKCIIyaTaHH KPYTIOWWIMMOBAaIbHBIX CTaHKOB: MapkKOH Kpyra UM TpaBallero 
WMHCTpyMeHta, COOK OKpy2KHbIMH CKOPOCTAMH Kpyra UH eTasiv U T.I., a TAKKE TepHOAMYHOCTHIO paBKu 
H MOpaKOM OOpadoTKH MoBepxHoctTeit. 


BsiOop mepvoxM4HOCTH MpaBkKH B OOLIeM Ciy4ae WOIDKeH OBL IpOBOAUTBCA Ha OCHOBe pellieHHA 3aa4 
ONTHMU3alHH. O7HaKO yIOMAHYTbIe BbILIe OCOOeHHOCTH OOpaboTKH eTaeii Ha ctaHKax c HITY, re. 
HalMmune Ha OJHOM WeTasIM MOBepXHOCTel pa3IMYHbIX Ppa3sMepoB C pa3sHbIMH TpeOOBaHHAMH 10 KayecTBy, 
a TakoKe 3HAYMTeIbHOe BPeMA, 3ATPauMBaeMOe Ha IIpaBKy, OOYCIOBIUMBAIOT WelIecooOpa3HOcTb WpaBKe 
Tepe] Kaxyou WetTambro. AHasIM3 MOKa3bIBaeT, YTO 9TO pellieHHe ABIIAeTCA HawOosee JKOHOMHUHEIM, 
HeCMOTPA Ha TO, 4YTO PexXHM IpaBKH BbIOUpaeTcA, UCXOZA U3 TpeOoBaHHi K HaHMOosIee OTBETCTBCHHbIM 
IIOBEPXHOCTAM. 


IIpu BprOope nopsyKa OOpaOoTKH MOBepXHOCTH eCTeCTBeCHHBIM ABJIACTCA PelieHHe OOpadaTbIBaTh. WeikKn 
HOUpA, HallpHMep, cileBa HallpaBo, pH KOTOPOM 3aTpaTbl BpeMeHH Ha XOJIOCTBIC MepeMelleHHA 
MHHMM@aJIbHBI. OgHako cyleqyeT YYMTbIBATb, YTO TPH WIHPOBAaHHH WMpOKMX Week Woce y3KHxX Ha 
oOpabaTEIBAeMOM TIOBeEpXHOCTH OCTAaIOTCA PHCKM 3-38 HepaBHOMepHoro H3HOCa Kpyra. CpaBHeHHe 
BeJIM4HH JIMHeMHOTO U3HOCAa Kpyra C BLICOTOM HepoBHOcTei OOpadoTaHHO NoBepxHOCTH MIpH 3aqaHHol 
IepoxoBaTocTH moKa3a0, yrTo mpH Ra=0,16+0,32 MkKM BHauyale cileqyeT OOpadaTbIBaTb WIMpoKHe, a 
TOTOM y3KHe welku. pu waudopanun meek Moszpay wepexq wWupokuMu wWeikamu jolycTuMa 
oOpaboTKa He OoIee OFHOM y3KoM Welku mpuH Ra=0,64 MkKM wu He Oosee WByX mpH Ra= 1,25 Mk. 
Orcroya cileayeT, TO OOpaboTKy HayO HAaYMHATS, Kak MpaBuso, C HaMOOJIee OTBETCTBECHHBIX IleeK. 


OnpeyzemeHve pexkuMoB OOpaOoTKH HU MpaBKH MpOv3BOANTCA Ha OCHOBe pellleHHa 3aadH ONTHMM3allHu 
IIPH HCHOUb30BaHHH B KayecTBe IeseBON PyYHKIMM COOTBETCTBYIOINIMX COCTABJIAIONIMX 3aTpaT BPeMeHH. 
IIpu mpaBke nmepey, Kax OM WeTasbio leseBylO (PYHKIMIO MOXKHO 3allHcaTb B BUJe: 
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To =TH I+ Tap, (1) 


rye Ta i —BpeMa YepHOBOM OOpadorTKH i-M WieliKM: Ty) —BpeMa IpaBKu; kK—u4nco0 oOpabaTHIBaeMbIxX Ha 
WeTasiM week. 


IIpu 3aaaHHOM Ha KaxKOKM wWelkKe NpHitycKe i BpeMA TY i 3ABMCHT OT CKOPOCTH CbeMa Vai, WIM TIpH 
HCIOJIb3OBaHHM CHCTeM CTaOHJIM3allMH- OT ypoBHa crib P; (MouHocTu Nj). C Apyroi cTopoHbl, oOObeM 
cHaToro Metamia O= E /7; 4 pexxuMbI YepHOBOTO LWIMPOBaHHA OIpeeAIOT Tpolecc 3aTymIeHua Kpyra 
HW BO3MOXHOCTS MosyueHHA TpeOyemMoli WepoxoBaTocTH Ha Bcex weltkax. IlockombKy Ha U4MCTOBBIX 
pexKUMaxX CBeM MeTaJIa HM Harpy3KH Ha WHCTPyMeHT, CYLCCTBCHHO MeHBIIe, YM Ha YePHOBBEIX, 
3aTyIICHHA Kpyra IipakTHYecKH He IpOHCxOAUT, a Bpema ero padotsl E t4 i paBHoO cTOMKOCTH Kpyra 
mepoxosatoctu. IlockobkKy cToMKOcTb adpa3HBHOrO MHCTpyMeHTa olipeyeiaeTca B OTIMUMe OT 
Jle3BHMHOrO MHCTPyMeHTa He TOJIbBKO pexKHMaMH OOpaOoTKH, HO HM pexKHMaMH, IIpaBKH, OMNTHMasIbHbIMH 
OyAyT Takai CTOMKOCTb Kpyra HW Takve pexKHMbI OOpaodoTKH UH TpaBKH, IPH KOTOPbIX BpeMA T,. OyeT 
MHHMM@JIbHBIM. JIA OlpeyeyieHHaA STHX ONTHMAJIbHBIX yCIOBHiT HeOOXOHMO MMeTb 3aBMCHMOCTH, 
OlpeyeAIOWHe WIepOXOBaTOCTb ,KaK PYHKIMIO pexKHMOB OOpadoTKH u MpaBKH [1], OfHaKO TaKHx 
3aBHCHMOCTeH, KOTOPbIe MOXKHO OBIIO OBI 


MCHOJIb30BaTb IA =pellieHHA yKa3aHHbIX 3aya4, moKa Her. MccneqoBpanve moka3aji0, 4TO 
COOTBETCTBYIOWadt 3aBMCHMOCTb JIA cilydad padoTbl B pexuMe cTaduIM3alMH payMabHoii 
COCTAaBIIAIOMIeH CUJIbI pe3aHHA MOXKET ObITb MIpeACTaBsIeHa B Be 


Rag= dota {Shp €+a2 Sup.s (1-e)+a3P°yO (2) 


rae Ray— lMapaMetTp WlepoxoBaTOcTH, MKM, -KOTOPbI MO2%KHO OOeCIIe4HTb BbIXa2xKMBAHMeM Toce TOTO, 
KaK e(MHULeH IMMpHHBI Kpyra OyzeT cHaT OGbeM Metasa QO, ,MM’/MM, IPH yqebHOM Harpy3ke Ha Kpyr 
P, KIC/MM; Sp — T1pOAOUbHad WoOada Tp WpaBkKe, MM/MUH; Sypp.) H N3— 3a4HCTHad ToOada, MM/MHH, UH 
YHCIIO 3A4HCTHBIX , IIPOXOOB IIpH WpaBKe; ayop—a, — KOIPUUMeHTHI perpeccnn. 


AHasIOrH4Had 3ABHCHMOCTb MOXeT OBITb TosydeHa JIA ciydaq OOpaooTKU Cc TOCTOAHHOM YepHOBoit 
noyayeli Sy. 


IIpuH okoHyaHun oOpaboTKH C KOHe4HbIM 3HaYeHHeM CKOPOCTH CbeMa MK MapaMeTp WepoxoBaTocTu 
oOpadoTaHHOM MOBepxXHOCTH OMpeseAIOT 10 (opMysie 


0 
Ra= Rado +4 (VytVx) 2 (3) 
THe Vy - OKpy2KHad CKOPOCTh H3euuA, M/MHH; a4 — KoIpuueHT. 


OTM 3aBHCHMOCTH JOJDKHbI ObITb H3BECTHBI WO Hayalia OOpadoTKH. OHM MOryT ObITb TOIyYeHbI B 
TIpolecce TeCTOBBIX HCIbITAHHH, KOTOPbIe IIpOBOAATCA, HallpuMep, pu cqave HOBOTO CTaHKa WIM 3aMeHe 
Kpyra. Ilomnpii tect ia onpefzenenua Kosp@uuyuMenta a,— a4 TpescTaBiarwouui coool 
IVIaHHpOBaHHbIM MHOTOaKTOPHBIM IKCIIEepHMeHT, TpeOyeT MpoBeyzeHua 16 wuudosox. Jia cmyuasa 
oOpaOoTKH KOHCTpyKUMOHHBIX cTaseli KpyTOoM 24A25C1K5 pu mpaBke e{HHH4HBIM aJIMa30M B OlIpaBe 
OBIIM MOV4eHBI: ap=0,12; a1=0,016; a2=0,000011; a3=0,0032; as=0,086. 


CooTHolleHHe 3aTpaT BpeMeHH IIpH pa3HbIX pexKMMax paBKH Kpyra WM pexkuMax oOOpadoTKU 
CTYMeH4aTOrO BasIMKa C TpeMaA IeiiKaMu Ip TpeOoBaHuAx K WepoxoBatocTu Ra=0,32 Mk, MoslyaeHHbIe 
pacueToM IIpW HcHoub30BaHHH 3aBHcuMocTed (1), (2), mpHBezeHEI Ha pu. |. 


CrovikocTHad 3aBHCHMOCTb (2) COOTBeTCTBYeT LIJIM@OBaHHIO C BbIXaKHBAHHEM IIpakTH4eCKH JO MOUHOTO 
cHaTHa HaTara. IlockombKy MOJyYeHHbIe pacdeTOM PexXUMBI YepHOBOM OOpadoTKH BbIONpAaIOTCA TAK, 
YTOObI OOeCHeYHTb BO3MOXHOCTh TOUyIeHHA 3afaHHOrO apaMeTpa WepoxoBaTOcTH Ha BCex 
oOpabaTEIBaeMBIX IIOBCPXHOCTAX, MOXKECT OKA3aTbCA, ATO Ha WeMKax, OOpadaTEIBAeMBIX HeMOcpeACTBeEHHO 
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Tlocuie 1paBKu, BbIXaxKUBaHHe aeT Oosee BbICOKHH MapaMeTp WepoxoBaTocTH, 4emM TpeOyetca. B 9TOM 
ciyyae OOpadoTKy MOXKHO 3aKOHYUTh Ip CKOPOCTH CbeMa OH, OlpeseuAeMol 10 3aBucuMocTH (3). Tak, 
JWIad JJaHHOrO mpuMepa (cM. pvc. 1) MOXxXHO ,MOKa3aTb, 4YTO pH OOpaboTKe MepBol WeiikKH CKOPOCTb 
CbeMa B KOHIe I{MKIa MO*KeT ObITb IpHHATa Vv, =0,03 MM/MuH, WWIa BTOpow v, =0,015 mM/MuH, TpeTbIO 
Ieliky MOXHO OOpabaTbIBaTh C BbIXaxKHBAHHEM B TeyeHHe 10 c, KaK 9TO OBIIO IPHHATO B IKCICPHMeHTax 
Ip Womy4eHHu KOI PUUMeHTOB 3aBHCHMOCTH (2). 


Ra = 032 mKM un Sia Savi 
MM// MU M/ Mut 


hs “Ys, 
\ /~_ oo 
: thy, 021 a Co el Kad 100 : 2 


— a TT 
rar a [oe fm | | me fey 

| 

s, 
3 
a 


20 100 8 60 40 4G 
QM /MM 


Puc.1. pumep onpeyenenua Tg B 3aBHCHMOCTH OT pexKHMOB OOpaooTKH HU MpaBKH (Nt-qucIO Mpoxoo0B 


IIpH WpaBke c moyayei Ha ruryOnny 0,01 mM): 1- kpuBad U3MeHeHHA MapaMetpa Ray IepOXOBaTOCTH B 
(byHkKuMn OObema Q cHATOrO MeTasIa IPH ONTHMAJIbHOTO pexuMa OOpadvorKu. 


TakuM oOpa30M, JJIf aBTOMaTH3MpOBaHHOro BbIOOpa pexHMOB OOpadoTKH VM TpaBKH, OM3KUX K 
ONTHMAaJIbHBIM, B TaMATH CHCTEMBI JOJDKHbI ObITh KOIPMUUMCHTHI Ag7—a4, COOTBETCTBYIOLIMe pa3JIM4HbIM 
coueTaHHaAM aOpa3HBHBIX WM MpaBALIHX HMHCTpyMeHToB. UccreqoBanud, MpOBeeHHbIe IA pa3zIM4HbIx 
coueTaHHli Tpex THMOB aOpa3HBHbIX HW TpexX THMOB MpaBAWIMX HHCTPyYMeHTOB, NWOKa3aIM, 4TO pH 
OTHOCHTeJIbHO HEBbICOKMX TpeOOBaHHAX K IWepoxoBaTocTH (Ra=0,64+125 MKM) OMTHMasIbHbIe pexKHMBI, 
TIOYACHHbIe TO 3ABHCHMOCTAM JIA pa3JIM4HbIX CO“eTAaHHi HHCTPyMeHTOB, WpakTH4YecKH OJMHAKOBBI. 
QTO ykKa3bIBaeT Ha BO3MO%KHOCTb UCHOMIb3OBAHHA OHOM WM TOM %*Ke CTOMKOCTHOM 3aBHCHMOCTH JIA 
pa3IM4HbIX YCIOBHH oOpadoTKnH. Tako Toaxo BO3MOxKeH MH pH Oolee BbICOKMX TpeOOBaHHAX K 
WepOxoBaTOCTH, OHaKO IPH 93TOM BbIOpaHHble pexXHMbI OyyT CYyUIeCTBeHHO OTJIMYATBCA OT 
ONTHMAJIBHBIX, H MOTyT ObITh MOTepH MpoH3BOAMTeNIbHOCTH. Kpome Toro, ,IIpu 9TOM CJiesyeT MMeTb B 
BUY, 4YTO He BCAKOe COYeTAaHHe HHCTPyMeHTOB ObectieuHMBaeT MOMyYeHHe BbICOKHX TpeOoBaHHit K 
wepoxoBatoctTu. B kayecTBe KpTepua pv BbIOOpe MHCTPYMeHTa MOXKHO HCIOMIb3OBaTh KOIPPUUHCHT 
ao, XapaKTepH3YIOWMH MaKCHMaJIbHO JOCTWKUMMBIM TapaMeTp WepoxoBaTOCTH JIA aHHOrO coueTaHHA 
a0pa3HBHOrOo H IpaBaAlljerO HHCTpyMeHTOB. 


TlocneqHuM 93TalloM MOCTpoeHHA TexXHOsOrMyecKOrO Tpowecca, peasIu3yeMbIM HelocpeyCTBeHHO B 
Iipoljecce oOpaOoTKH, ABIIAeTCA BbIOOP CTPyYKTypbI HM OlpeyeseHve MapaMeTpoB YMCTOBOM YacTH WHKIIA. 
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37eCcb HeOOxOAHMO Obecre4HTb MHHUMH3AlHIO BPeMeCHH YMCTOBOM OOpaOoTKH Tp BbIMOJIHeHHM BCexX 
oOrpaHH4eHHi 110 Ka4ecTBy. 


Ha cranxu c UITY o6nraHo MpuMeHnsAIoT Tpex HM YeTHIPeXCTyMeH4ATHIe MHKJIbI, BKIOUAIOWIHe YepHOBOE UH 
YHCTOBOe WvIMdoBaHve HW BbIXaKMBAaHHe. OTO OOycIOBIIeCHO B OCHOBHOM CTpeMJICHHeM TOJIYIMTb 
TpeOyemMy!0 TOUHOCTS OOpaooTKH Mp MMeIOLWIMXCA BapHallMAx MapaMeTpoB ympyrol cuctempl CIIMJI. 
Kak loka3asIM UcciIeqoBaHHA, pH OOpadoTKe Ha cTtaHKe Moy. 3A1511] Banuxa c //d=10 upu cpeqHem 
qMametpe dcp=50 MM MOCTOAHHad BPeMeHH, XapakTepH3ylolad BpeMA TepexoHoro Tpowecca u 


3aBHCAINad, B WaCTHOCTH, OT 2KCCTKOCTH CHCTCMBbI, H3MCHACTCA Oomee 4emM B 2 pa3a: OT t= 3 c y 


llepeyqHero weHtpa T = 6,5 mlocpequne Zeta. pu MHorocTyneHyaTblx WMKIax yCOBHA OOpadoTKu 
K KOHILY WHkKIa Ooslee WIM MeHee CTaOMIM3HpyeTcA, OHAKO MMCIOTCA 3HAYMTEJIbHbIC MOTePpH BPeCMeHH. 


TloBsimieHuA MpOv3BOAUTeIbHOCTH 3a CUeT MCHOb30BaHHA JBYXCTYMeCHYATOLO IMKJIa BO3MO%KHO B TOM 
ciryuae, ecIM yaeTca OOecre4HTL CTaOMIM3alHIO yCOBMN OOpaooTKH K KOHL 9Talla CheMa 4YACTOBOTO 
IIpHityckKa, HalIlpHMep, MeTOJaMU ayjaliTHBHOrO yiipaBleHua. PeamM3allua ITHX MCTOJOB Ha COBPCMCHHBIX 
crankax c HIIY, ocnaijeHHstx mpHOopaMH aKTHBHOrO KOHTpOJId WM MyTeBbIMH aTYHKaMuH, 
IIPHHUMMMAaIbHBIX TpyqHOcTei He MpecTaBIAeT, UH WOSTOMY KaK OCHOBHOM TIpHHAT ABYXcTyneHuarTblit 
yuk. pu aByxcTymeHuaToM UMKIe JIMTeIbHOCTh YMCMOBOTO JTalla 3aBHCHT OT 3ajJaBAaeMOM CKOPOCTH 
CbeMa B KOHI[e OOpaOoTKH HM TOYHOCTH onpeyeleHHa mpultycka Ha 4MCTOBy!O OOpadoTKy. CKopocTb 
CbeMa B KOHIe WHKIa C y4eTOM TpeOoBaHHi K WIepoOxoBaTOCTH onpeyesieHa Ha UpesbIAyuem 9tare. IIpu 


(bopMupoBaHHu 4NCTOBOTO 9Talla UMKIa MOUy4IeHHbIe 3HAaYeHHA d,. cileqyeT IIpoBepuTb 0 ApyrHmM 
orpaHH4eHHaM. 


Ilo ycnoBuamM oGOecreyeHHA OTCYTCTBHA MIpW2KOFOB CKOPOCTb CbeMa B KOHIe OOpadoTKH He OjDKHA 
IIpeBbIWaTb TpeebHOro 3Ha4YeHHA, pH KOTOPOM AedeKTHEI cow He OOpa3yroTca, a 43 ycNOBUii 
oOecneyeHua TpeOyeMoi TOUHOCTH opMa OHKHa ObITb He Oosee 0,3-0,4 Homycka Ha HeKpyrsiocTE; 
OYCBHAHO, 4TO peasIH30BaHO JOJDKHO ObITb MeHbIee M3 ITHX 3HAaYeHHM. 3aMeTHM, 4TO pH OOpadoTKe 
BaJIMKOB 3 YIJICPpOAMCTBIX cCTalieHi B OOJIbIIMHCTBe Clly¥aeB CKOPOCTb cbeMa B KOHUe WHKIa 
onpeyemaetTca TpeOyeMol WepoxoBaTOCTBIO. 


IIpu BEIOpaHHO CKOpOCTH CbeMa B KOHIe OOpaooTKH (3Ta CKOPOCTb MOXeT ObITh pa3sIH4HOW Ha pasHbIx 
weikax) TpeOoBaHHA 110 TOUHOCTH OOpaooOTKH MOryT ObITb OOecTIeueHbI BBECHHeM KOppeKUHH ycTaBKH 
lIpHOopa akTHBHOrO KOHTpoa [2] Kak (yHKUMH CKOpocTH cbemMa, yCTaHaBJIMBaeMOl Ha OCHOBe 
COOTBETCTBYIOLNIMX TECTOBBIX HCIbITAHHH. 

Munumu3alid BpeMeHH 4MCTOBOM OOpadoTKH ObecreuMBAaIOTCA, CCIM 3aaHHbIit pa3Mep WH CKOPOCTb 
cpema U, gocturatorca ofHOBpemeHHO. Ja 9TOrO KOMAHJa Ha Hepexoy K YMCOBOMY 9Tally TOKHA 
TOaBaTbCA TPH WHaMeTpe 3aPOTOBKU, OTIMUAIOMIeMCa OT HOMMHabHOro Ha Benmunny AR pasnoctu 
HaTArOB B CHCTeMe IIpu 0,4... Econ IIpullycK Ha 4MCTOByIO OOpaboTKy Gombe Ah, to BpeMa 
YUCTOBOM OOpaboTKH OyeT OObINe MHHUMAJIBHOTO; CCIM OH MeHBILIe Ah, to oOpadoTKa 3aKOHYMTCA Ha 
cKopocTu Ha cKopoctn cbema YU, Oonbule 3aqaHHO. TouHoe ompezenenue AR go3smoxHo TomBKO Ha 
OCHOBe H3MepeHHi, IIPOBOAHMBIX B XOe OOpadoTKH. 


Hatar mpu YepHoBon OOpaOoTkKe onpeyeaeTCA KaK pa3HOCTb MoKa3aHHii WpHOopa aKTHBHOTO KOHTPOIIA 
W WyTeporo WaTuuka. Hatar, COOTBeTCTBYIOWIMX CKOPOCTH CbeMa TekKylei H B KOHIe OOpadoTKH, MOXKHO 
BBIUMCTHTb, 3HaA 3aKOHbI W3MCHeHHA 93THX BemM4nH. Jia sMTeMHOM CHCTeMbI OHH U3BeCTHBI UH 
OMpeeAIOTCA TAK Ha3bIBAeMOM MOCTOAHHOM BPCMeHH CHCTEMBI 
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h 
1 
T =-, rue h — narar. Ognako, Kak N0Ka3aIM NpoBeyeHHBIe ucceyqoBaHua , cucremy CIIMJ upu 
P 
MaJIbIX HaTArAaX HEJIb3A PaCCMaTPHBATb Kak JIMHEHMHY!O. 


I S 
Hccnedosanua wepoxoeamocmu u pescyweu cnocobuocmu Kpyea npoeedenoi TJ]. Jonudse, a enusnue 
HeluneuHocmu cucmemol — C.A. Pab06bIM. 


Ar.MM 


Puc. 2. U3menenne AT paauyca jjeTamM 3a Bpema T YucTOBON OOpadoTKH: |- pacueTHOe [IA IMTeMHOM 
CHCTeMBI (h/V=const); 2-pacuerTHoe Ja HemMHeiHoN cuctemEI(} = KhP: B = 1); rouxamu noKka3an1 


IKCHECPHMCHTaAJIBHble 3HadyeHHA. 


h 
OTHOIIecHHe — B xOome Wpowecca He OCTaeTCH NOCTOAHHBIM, H U3MCHCHHe TapaMeTpoOB Iipolecca, 
v 


BBIYHCIACMOH 10 3aBHCHMOCTAM, CIIpaBeJJIMBbIM Id JIMHeMHbIX CHCTCM, MOKeT CyLeCTBeHHO 
OTIMYATCA OT AelHCTBUTeEIbHOFO; yAOBICTBOPUTeIbHad TOUHOCTh OOecrieunBaeTca (puc. 2), ECM IIPHHATS 


3aBHCUMOCTb 2KECTKOCTH CHCTeMBI OT Hatara B Bue ] = K hP rue K, -IMIMpH4eckHe KoIpUUHeHTEI. 


IIpu 9TOM MIpuitycK Ha YUcTOBYy!0 OOpaborky onpeyeuaroT 10 PopMysie 


Doner =" [1—(%) 


MW BpeMA CbeMa 3TOrO IpHitycKa 


Tener = mlC =)” = 4 


3necb Y = ——; Tp = 
r= or Da, 


Kos@dunuest YH 6 moxHo onpenenaTs Cc MOMOMIbIO COOTBeTCTBYIONIMX TeCTOBBIX HCIbITAHHit, 
HalIpHMep TIpu caa4un craHka. B nepBom npHOsmmwKeHHM MOxKHO IpHHuMats P=1. 
BrraucieHHas 10 dopmysie (4) Bew4nHa Mputtycka Ha YACTOBy!O OOpaboTKy cpaBHUBaeTca Cc rryOuHON 


qeextHoro cioa [3], momyaaemoro mp 4epHoBOH OOpaboTKe, MH 3a OKOHYATeIbHOe 3HadeHHe 
lIpHHuMaetca Oobuee. 


Ilo u3BecTHOM BeIM4MHEe MCXOJHOU NOrpenimnocTu (bopMBI 3afOTOBKH, KOTOPad JIA OTBCTCTBCHHBIX IICCK 
AOJDKHa TpeWBapuTesIbHO HU3MeCpaATbCA WJIM CTpOTrO perjylaMCHTHpOBaTbCA, OWCHUBaCTCA BO3MO2KHOCTb 
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HciipaBleHHaA TOM MOrpeliHocTH 3a MowHOe BpeMa WHKIa [4]. HeoOxogqumple Wa 3sTOrO 3HayeHHA 
pexylleH clmocoOHOcTH Kpyra OlpesesAIOTCA Ha OCHOBe PerpecCHOHHBIX 3aBHCHMOCTeH, aHaJIOrM4HBIX 
3aBHCHMoCcTsM (2), (3), MOy4aeMBIX Ip TeX TECTOBbIX MCIIbITAHHAX. 


OnncaHHbId TexHOJOrM4ecKHH mpouecc oOpadoTKH Ha KpyroWIMpoBabHEIX cTaHKax c UITY Op 
peasM30BaH Ha pa3pa0oTaHHOM aBTOMATH3HpOBaHHOM CTaHKe- cTeHye mp oOpadoTKe cTymeHuaTbIx 


BaJIMKOB CO cpeqHUM aHametpom d., = 50 mm u orsomenuem = 5 +10. O6padorka semacp 


KpyroM 24A24C1K5, mpaBka — e]{MHHUYHBIM aJIMa30M B olpaBe. McxoyHble aHHble (reomMeTpHueckne 
pa3Mepbl, lIpuiyckH Ha OOpadoTKy U TpeOoBaHHA MO WepOxOBAaTOCTH) BBOJMJIMCh C IysIbTa CHCTeMBI 
ynpapienud. PexumMbl oOpadoTKH MW MpaBKH pacC4HTbIBaIMCb B CHCTeMe yIIpaBJICHHA Ha OCHOBe 
3aBHCuMoOCcTH (1) - (3). 


Berpog. [lpn peanm3auuH WaHHOoro JByXCTyMeHYaTOrO WHKIa mocwe mycka 0 KOoMaHye OBM 
IIPOMCXOAUT HelIpepbIBHBIM OMpoc WaTuMKa paMabHOM cuIbI. Bpesanve ocylecTBIAeTCA B pexKUMe 
yepHoBOrO wWsIMpoBaHHA cBOyATCA TyOKH UpHOopa akTuBHoro KoHTposa (IIAK) wu Hauunaetca 
moouepeyHonw onpoc IIAK u gaTanka mosoxKeHHA WMdoBaIbHON OaOKH, B pe3yIbTaTe KOTOporo 


olpeyemsetTca cKopoctb Vz cbheMa MeTasIa HM HaTATa h, (Kak pa3HocTb noka3aHui IIAK u myresoro 
maTuuka), 3aTeM 110 dopmysie (4) mpou3BoqMTcaA pacyeT uncToBoro puitycKa. Ilocne pacuet 
poyomKaetca onpoc ITAK, u korga JevcTBUTeIbHOrO MpHIlyCK CTaHOBHTCA paBHbIM paC4eTHOMY, 
IIpOHCXOAMT TepeKHOUeHHH Ha BbIXaxKHBaHHe. OTBOA Kpyra OT eTasIM MpoHu3BOAMTbCA 10 KOMAH Je 
ITIAK no ocTwKeHuM 3aaHHOrO pa3Mepa. KpvtepHeM oOljeHKM KayecTBa OTpaOOTKH MKIa ABIIAJIOCb 
COOTBeTCTBHe 3aaHHOl HM (akKTH4eCKH MOJyYeHHOM CKOpOCcTH cbeMa B KOHe WMKIa. PacxoxyeHne 
M@xKY HHMH B [\Malla30He cKopocteit cbema 0,005-0,05 MM/mMuH He mpeBpriiao 5%. LlepoxopatoctTs 
oOpadoTaHHBIX MOBepxXHOCTeH COOTBeTCTBOBaIa 3ayaHHou. Vccneqopanuad moKa3aM TakwKe, 4TO 
YMCHOb30BaHHA JBYXCTYNeHYaTOrO UWMKIa pH BbIMMCIeHHH U4HMCTOBOrO MpHitycKa Cc y4eTOM 
HemMHeMHocTH cuctTembl CIIMJ] no3BonseT MOBbICHTb TPOH3BOXMTeIbHOCTb TO CpaBHeHHIO C 
MHOFOCTYyHeH4aTBIMH WHkKIaMU Ha 20-50% pu oOpaboTKe oAHOM MOBepxHocTu. Kpome Toro, 9TO WaeT 
BO3MOXKHOCTh 6e3 YCOXKHCHHA UCXOAHON MporpaMMbl AHddepeHyHpoBaTb pexKHMbI IIA pa3HbIx 
MOBepXHOCTeH OAHOHK WeTasn. 


Ilomy4eHHbIe pe3yIbTAaTbI MO3BOJIAIOT PCKOMCHOBaTb MEeTOMKy TOCTpoeHHA TexHOJOrM4ecKoro 
Tipowecca Mpu dKcIIyaTalHu KpPyrIOWWMoBasbHEIx cTaHKoB c UITY, B ToM uncMe UH B YyCIOBHAX 
aBTOMaTH3MpOBaHHBbIX Y4aCTKOB IIpH OrpaHH4eHHOM KOJIMYeCTBe OOCIYKUBAIOMero Mepconasa. 


Crmcok JmTepatypbi 


1. Salje E., Mushardt H., Aufbau einer Optimierregelung fur einun mehrstufigen SchleifprozeB, wt-Z. 
ind Fertig, 65 (1975), s. 335-338. 


2. Teinep 3. LI. CamonactpanBatomMlica CHCTeMbI AKTHBHOLO KOHTpoaA M.: MauiuHoctpoeuue, 1978. 
Muxenpxesuy B. H. ABromatu4eckoe yupaBieHve mmMdoBanuem. M.: Mamrmuocrpoenne, 1975. 


4. Jlyppe I.b., Tuuan B.B. AyganrupHaa cucTtema yiipaBsleHua MmpoleccoM kpyryoro Bpe3sHoro 
wM@osanua.- Cranku u HHCTpyMeHtT, 1974, Ne7, c 5-7. 


5. Kaprampnies Hukuta Antonopsuy METOJbI ONTUMM3AUMU WPOM3BOJICTBA HA 
TIPOMBILWJTEHHOM TIPEATIPUATMM // StudNet. 2022. Ne6. URL: 
https://cyberleninka.ru/article/n/metody-optimizatsi1-proizvodstva-na-promyshlennom-predpriyatii 
(gata oOpamjeHua: 01.05.2023). 


© 2023, CAJOTAS, Central Asian Studies, All Rights Reserved 


Copyright (c) 2023 Author (s). This is an open-access article distributed under the terms of Creative Commons 
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/ 


